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© Flexible cardiac valvular support prosthesis. 

© A support for a natural heart valve is disclosed. 
The support is generally ring shaped and has a size 
and shape to fit against the natural heart valve 
annuius. First length of the support is flexible, and a 
second length of the support is less flexible than the 
first length of the support Accordingly, when the 
support is implanted, the support can shape the 
heart valve annuius and the first length of the sup- 
port allows contraction of the heart valve annuius 
therealong. 
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Human heart valves comprise leaflets or cusps 
which open and close to control the flow of blood 
to a particular region of the heart. For example, a 
mitral valve includes .a posterior cusp and an anter- 
ior cusp, both of which are joined at their bases to 
a mitral valve annulus of the heart. The mitral valve 
is open during diastole and closed during systole. 

When the mitral valve opens, its annulus di- 
lates or distends, along the base of the posterior 
cusp and when the mitral valve closes, the mitral 
valve annulus contracts along the base of the pos- 
terior cusp to allow the cusps to come into apposi- 
tion or sealing contact with each other. In some 
patients with diseased heart valves, the dilation of 
the annulus can become permanent, and the mitral 
valve annulus becomes distorted during systole. 
The permanent dilation of the annulus causes re- 
gurgitation, i.e. backfiow of blood through the valve. 

These conditions as well as certain others can 
be addressed by implanting a support in the heart 
along the valve annulus. A support of this type may 
be rigid as described in Carpentier U.S. Patent 
3,656,185 or flexible as described in Carpentier et 
al U.S. Patent 4,055,861. The rigid support, al- 
though satisfactory for some applications, does not 
allow the valve annulus to contract along the base 
of the posterior cusp and accordingly, significant 
stress may be imposed on the sutures, and the 
valve may not operate in a completely natural way. 
The completely flexible support, although better 
able to conform to dynamic changes in shape of 
the annulus is less effective in restoring a physio- 
logic shape of the annulus and preventing un- 
desired distortion. Consequently, neither the rigid 
support nor the flexible support allow the valve to 
operate in a completely natural way. 

This invention provides a novel heart vaive 
support which is capable of pulling the annulus 
back to approximately the correct shape and which 
allows the annulus to properly contract Accord- 
ingly, the stresses on the sutures and the leaflets 
are reduced and the valve operates in a more 
natural way. Although the features of this invention 
are applicable to various different heart valves, they 
are particularly adapted for a mitral valve. 

The support of this invention is generally ring 
shaped and has a size and shape to fit against the 
natural heart valve annulus. The terms "ring 
shaped" and "ring shaped structure" as used here- 
in mean any configuration which circumscribes or 
surrounds a region, and are not limited to, circular 
configurations. 



One feature of this invention is that the support 
has differential flexibility along its length. More spe- 
cifically, a first length of the support is flexible and 
a second length of the support is less flexible than 

5 the first length. The less flexible second length 
may be rigid or flexible and in a preferred con- 
struction, includes segments which are substan- 
tially rigid and which are somewhat or slightly 
flexible. With this construction, the less flexible or 

10 more rigid second length is placed along a region 
of the annulus which must be subjected to more 
rigid control and the flexible first length is placed 
on a region of the annulus which must be allowed 
to readily contract so that the flexibility of the 

75 flexible first length can accommodate such contrac- 
tion. Thus, the differential flexibility of the support 
is tailored to the requirements of the annulus. As 
applied to a mitral valve, the flexible first length 
preferably extends along the annulus at the base of 

20 the posterior cusp, which must be allowed to more 
fully contract, and the more rigid length of the 
support is placed along the anterior cusp for better 
control of this region of the annulus. Collectively, 
the first and second lengths are capable of pulling 

25 the annulus back to approximately its correct 
shape. 

Although various constructions are possible, 
the support preferably includes an elongated frame 
member having opposite end portions and seg- 
30 ments extending in different directions and a flexi- 
ble cord coupled to the opposite end portions of 
the frame member to form a circumscribing struc- 
ture which circumscribes a region. A flexible sheath 
at least partially encloses the frame member and 
35 the flexible cord to provide moe softness and body 
compatability as well as to facilitate suturing of the 
support into the heart. 

In order that the cord can accommodate move- 
ment of the annulus, there is slack in the cord. 
40 More specifically, the length of the cord between 
the opposite end portions of the frame member is 
greaterJhan is required to extend in a straight line 
between the opposite end portions of the frame 
member. So that the cord will be effective in pull- 
45 ing the annulus back to its correct shape, it is 
preferably essentially non-distensible. 

The support may also include a soft compress- 
ible material within the sheath. This material, which 
may be radiaopaque, is useful in suturing the sup- 
so port into the heart and provides the support with a 
soft quality. It also can be used to prevent relative 
movement between the cord and the frame mem- 
ber which would cause abrasion to the cord at the 
region of attachment of the cord to the frame 
member. 
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In a preferred construction, the frame member 
is constructed of metal and includes first and sec- 
ond curved segments joined by an essentially 
straight segment. All of these segments lie in sub- 
stantially the same plane and the curved segments 
extend away from the straight segment in generally 
the same direction. Regions of the first and second 
curved segments are of progressively reducing 
cross-sectional area as they extend distally so that 
such distal regions of the frame member are more 
flexible or less rigid. The straight segment may be 
essentially rigid. 

The invention, together with additional features 
and advantages thereof may best be understood 
by reference to the following description, taken in 
connection with the accompanying illustrative draw- 
ing. 

Fig. 1 is a plan view, partially in section, of 
one form of support constructed in accordance with 
the teachings of this invention. 

Fig. 2 is a sectional view taken generally 
along line 2-2 of Fig. 1. 

Fig. 3 is a top plan view of a preferred form 
of frame member. 

Fig. 4 is an enlarged fragmentary view taken 
generally along line 4-4 of Fig. 3. 

Figs. 5 and 6 are views taken generally 
along lines 5-5 and 6-6, respectively of Fig. 3. 

Figs. 7 and 8 are sectional views taken gen- 
erally along lines 7-7 and 8-8, respectively, of Fig. 
5. 

Figs. 9 and 10 show the support implanted . 
in a natural mitral heart valve with the valve being 
in diastole and .systole, respectively. 



Description Of The Preferred Embodiment 

Fig. 1 shows a support 11 which generally 
includes a frame member 13 (Fig. 3), a cord 15, a 
sheath 17 and soft compressible material 19 within 
the sheath and surrounding the full length of the 
frame member and cord. The support 11 lies es- 
sentially in the same plane, and it is generally ring- 
shaped. The support 11 has a size and shape to fit 
against the natural mitral heart valve annulus of a 
human. 

Although various constructions are possible, 
the frame member 13 in this embodiment is con- 
structed of a biocompatible metal, such as titanium 
6AI-4V and is elongated and has opposite end 
portions. The elongated frame member lies in a 
single plane and includes curved segments 23 
integrally joined by a segment 25. The curved 
segments 23 extend away from the straight seg- 
ment 25 in the same general direction such that 
the frame member 13 is somewhat channel-like. In 
this embodiment, the curved segments 23 are 



identical, generally circular segments which extend 
for about 120* and terminate in the end portions 
21. Although various different cross sectional con- 
figurations can be employed, in this embodiment, 
s the frame member 13 is of a generally rectangular 
cross-sectional configuration throughout most of its 
length with the thickness of the cross-section being 
greater in the straight segment 25 (Fig. 6) than It is 
in the curved segments 23 (Fig. 7). To keep stress- 

70 es more even throughout the curved segments, 
preferably the curved segments 23 are of a pro- 
gressively reducing cross sectional area as they 
extend distally until they reach the end portions 21, 
which are enlarged. With this construction, the 

is straight segment 25 is essentially rigid and the 
curved segments 23 are of progressively increas- 
ing flexibility or reduced rigidity as they extend 
distally to the end portions 21 . 

The end portions 21, which may be identical, 

20 form the distal regions of the curved segments 23. 
Each of the end portions 21 is of enlarged cross- 
section as shown in Rgs. 3 and 8 and includes a 
passage 27 extending therethrough. The passages 
27 terminate proximally at lateral flanges 29. 

25 The cord 15 is flexible and may be, for exam- 
ple, constructed of a suitable biocompatible, braid- 
ed or woven material, such as Dacron. The op- 
poosite ends of the cord 15 are attached to the 
opposite end portions 21 of the frame member 13 

30 in any suitable manner, such as by extending the 
cord through the passage 27 of the end portion and 
forming a knot 31 of a size too large to pass 
through the passage 27. 

The cord 15 is longer than is necessary to 

35 simply extend in a straight line between the end 
portions 21. in this embodiment, the cord 15 is 
formed into an arc by the soft material 19 which 
completely encases the cord and the frame mem- 
ber 13. The soft material 19 is biocompatible and 

40 may be, for example, silicone rubber containing, for 
example, barium sulfate, If desired, to make it 
radiopaque. The material 19 makes the entire 
suport 11 soft and compressible, and it gives a 
flexible length 33 of the support along the cord 15 

45 between the end portions 21 resiience while hold- 
ing the length 33 in an unstressed accurate con- 
figuration as shown in Rg. 1. Thus, although the 
length 33 normally is in the shape shown in Fig. 1, 
it can readily be moved radially inwardly in re- 

so sponse to a radial inward force, and when the force 
is removed, it returns to the shape shown in Fig. 1. 
The material 19 also prevents relative abrasive 
movement of the cord 15 and frame member 13 at 
the passages 27. 

55 The cord 15 is essentially nondistensible. 
When the cord 15 is coupled to the end portions 
21 of the frame member 13, the cord and frame 
member completely circumscribe a region. 
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The flexible sheath 17 in this embodiment is in 
the form of a fabric jacket which completely en- 
closes the soft material 19, the cord 15 and the 
frame number 13. For example, the sheath 17 may 
be constructed of knitted Dacron cloth. 

When so constructed, the length 33 is resilen- 
tiy flexible and a length 35 of the support 1 1 , which 
is co-extensive in length with the frame member 
13, is less flexible than the length 33. In fact, the 
length of the support 11 along the straight segment 
25 may be considered as essentially rigid and 
distal regions of the length 35 along the curved 
segments 23 are of progressively increasing flexi- 
bility as they extend distally. Thus, such distal 
regions are somewhat resilently flexible, but much 
more rigid than the length 33. 

The support 11 is adapted for use with a mitral 
heart valve 37 (Figs. 9 and 10). The mitral heart 
valve has a posterior cusp 39, an anterior cusp 41 
and an annulus 43 circumscribing the cusps 39 
and 41 adjacent the bases of the cusps. 

The support 11 can be sutured to the annulus 
43 using sutures 45 as shown in Figs. 9 and 10 
such that the flexible length 33 extends generally 
along the annulus 43 at the base of the posterior 
cusp 39 and the less flexible length 35 extends 
along the annulus at the base of the anterior cusp 
41. The sutures 45 extend through the sheath 17 
and the soft material 19 which combine to serve as 
a sewing ring for the support 11. The suturing of 
the support 11 to the annulus 43 pulls the annulus 
43 back to approximately its correct shape. 

As shown in Fig. 9, during diastole, the valve 
cusps 39 and 41 are separated to form an opening 
47. During this time, the annulus 43 tends to dis- 
tend radially outwardly or dilate along the base of 
the posterior cusp 39. During systole, the cusps 39 
and 41 close to close the opening 47. During 
systole, the annulus 43 contracts along the base of 
the posterior cusp 39. The flexible length 33 can 
be readily moved radially inwardly by the contract- 
ing adjacent regions of the annulus 43 to readily 
accommodate this contraction. Consequently, 
stress on the sutures 45 and on the cusps 39 and 
41 is minimized. Accordingly, the support 11 cor- 
rectly shapes the annulus 43 while allowing the 
normal, but very pronounced contraction of the 
annulus along the base of the posterior cusp 39. 

Although an exemplary embodiment of the in- 
vention has been shown and described, many 
changes, modifications and substitutions may be 
made by one having ordinary shill in the art without 
necessarily dearting from the spirit and scope of 
this invention. 



Claims 

1. An implantable support for a natural heart 
valve, said support being generally ring shaped 

5 and having a size and shape to fit against the 
natural heart valve annulus, said ring shaped sup- 
port having a perimeter of fixed length, a first 
length of said support being flexible, and a second 
length of said support being less flexible than said 

to first length of said support whereby, when said 
support is implanted, the support reduces dilation 
of the heart valve annulus and said first length of 
the support allows contraction of the heart valve 
annulus along said first length of the support 

is 2. A support as defined in claim 1 wherein at 
least a segment of said second length is substan- 
tially rigid. 

3. A support as defined in claims 1 or 2 
wherein said second length includes a metal frame 

20 member. 

4. A support as defined in claims 1, 2 or 3 
wherein the first length includes a flexible cord* 

5. A support as defined in claim 4 wherein the 
second length includes a member having opposite 

25 end portions, said flexible cord having opposite 
ends and the opposite ends of the flexible cord are 
coupled, respectively, to the opposite end portions 
of the frame. 

6. A support as defined in any of claims 1 to 5 
30 wherein the support includes soft material for use 

in suturing the support into the heart. 

7. A support as defined in any of claims 1 to 6 
wherein distal regions of said second length are of 
progressively increasing flexibility as they extend 

35 distally. 

8. A support for a heart valve comprising: 

an elongated frame member forming a portion of a 

ring and having opposite end portions; and 

a flexible cord coupled to and extending between 

40 the opposite end portions of the frame member to 
form a structure which circumscribes a region, said 
cord being integral and unbroken as it extends 
between said end portions of the frame member 
and said support being implantable to support a 

45 human heart valve annulus. 

9. A support as defined in claim 8 including a 
flexible sheath ; at least partly enclosing the frame 
member and the flexible cord, the support includes 
a soft compressible material within the sheath be- 
so tween the cord and the sheath and the frame 

member and the sheath, the length of the cord 
between said opposite end portions of the frame 
member is greater than is required to extend in a 
straight line between said opposite end portions of 
55 the frame member, the compressible material 
forms the cord into an arc between said opposite 
end portions of the frame, the cord is essentially 
nondistansible, the frame member includes first 
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and second curved segments joined by an essen- 
tially straight segment, said curved segments and 
said straight segments are in substantially the 
same plane and said curved segments e>ctend 
away from the straight segment in the same gen- 5 
era! direction. 

10. A support for a heart valve comprising: 
an elongated frame member forming a portion of a 
ring and having opposite end portions; 
a flexible cord coupled to the opposite end portions 10 
of the frame member and extending continuously 
between said end portions to form a structure 
which circumscribes a region, said support being 
implantable to support a human heart valve an- 
nulus; and 75 
a soft, compressible, resilient material extending 
along the cord and shaping the cord between the 
end portions of the frame member. 
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